Inflammatory bowel disease (IBD) is a multisystemic disease. The ear is a rare but recognized site of extraintestinal manifestations of IBD. In external ear, the more common manifestations of IBD are pyoderma gangrenosum, metastatic Crohn's disease and relapsing polychondritis and the treatment includes corticosteroids and anti-TNF agents. Sensorineural hearing loss (SNHL) is the most common ear disease in IBD and especially in patients with ulcerative colitis. In most cases of IBD patients with SNHL, the hearing loss is attributable to autoimmune inner ear disease (AIED). Diagnosis of AIED is based on clinical presentation, the demonstration of a progressive sensorineural hearing loss in periodic audiological tests, a response to immunosuppressive drugs and exclusion of other causes of SNHL. The only diagnostic test that is available for clinical use is the Otoblot test (Western blot for antibodies against 68 kD protein-inner ear antigens). Initial therapy is usually steroids, with a step up to anti-TNF-a therapy and cochlear implantations with failure of treatment. Furthermore, Cogan's syndrome, a chronic disease characterized by deafness, vertigo keratitis and aortitis, has been associated with IBD and mainly with Crohn's disease.
Introduction
Inflammatory bowel disease (IBD) is an inflammatory disorder that affects the gastrointestinal tract. However, IBD is a systemic disorder with various extraintestinal manifestations, which may include the ear. The ear has been associated with a wide variety of other systemic autoimmune disorders such as systemic lupus erythematosus, rheumatoid arthritis, Behcet's disease and Sjogren's syndrome. Three possible mechanisms for autoimmune related otologic disorders have been suggested: 1) autoantibody binding to type II collagen or other otologic components (type II immunologic injury); 2) immune complex formation leading to vasculitis (type III); 3) T cellmediated auto reactivity to inner ear membranous elements (type IV) [1] . There is evidence to support external, middle and inner ear involvement in IBD. In this systematic review, we present the various types of otologic disorders that are correlated with IBD, and the therapy and management of these diseases.
External and Middle Ear Involved in IBD
External ear involvement in IBD is very rare. Usually, external ear involvement is due to concurrent diseases such as pyoderma gangrenosum (PG), metastatic Crohn's disease, necrotizing external otitis and relapsing polychondritis.
PG is a serious ulcerating skin disease and often coexists with systemic disease, with rheumatoid arthritis and IBD being the most common [2, 3] . While PG is more commonly found in the lower limbs, 25% of patients with PG have confirmed lesions on the head and neck. However, lesions on auricular areas are still very rare. There have been reported cases of patients with IBD and auricular PG causing tissue necrosis and ear swelling. Biopsy of the affected area greatly helps in diagnosis in these patients [4, 5] . The first-line treatment for PG is oral corticosteroids. If patients do not respond, anti-TNF-a factors are the second-line treatment [6] as it seems that infliximab and adalimumab are effective and safe in patients with IBD and PG [7] . There has been a case reported of a woman with a history of ulcerative colitis and primary sclerosing cholangitis who developed PG on the right ear. Treatment with cyclosporine (10 mg/kg) was successfully administered, which also induced remission of the patient's cholangitis and ulcerative colitis [8] .
Metastatic Crohn's disease is a cutaneous granulomatous non-caseating lesion that occurs in patients with CD. The clinical presentation and microscopic findings are necessary for accurate diagnosis. Two cases of metastatic CD with involve-Ear Infections and IBD J Clin Med Res. 2018;10(8):609-614 ment of the retro-auricular area have been described [9, 10] . In one case, a patient with perianal CD received oral steroids and infliximab and the therapy resulted in rapid remission of the cutaneous auricular lesion and Crohn's disease [9] . In the other case, a 10-year-old boy presented with bilateral chronic granulomatous external otitis and obliteration of the external auditory canal. Histopathologic findings suggested cutaneous CD and a subsequent gastroenterologic workup confirmed the diagnosis of CD [11] . Relapsing polychondritis (RP) is a rare multisystemic inflammatory disease of unknown etiology, which involves cartilaginous structures, predominantly those of the ears, nose and upper and lower respiratory tracts. It believed that disease has an autoimmune etiology due to presence of anticollagen type II and anti-matrilin-1 antibodies, infiltrating T cells and the observation that the immunosuppressive agents suppress the disease [12] . Relapsing polychondritis has been associated with other autoimmune diseases in approximately one third of patients, including rheumatoid arthritis, IBD, Behcet's syndrome, systemic lupus erythematosus, and other vasculitis and hematological disorders [13] . Auricular chondritis occurs in the majority of patients with relapsing polychondritis causing unilateral or bilateral swelling, auricular pain and redness. Diagnosis is made clinically and the McAdam criteria can be helpful in guiding this [14] . Three cases of IBD patients with auricular relapsing polychondritis have been reported. In one case the patient had Crohn's disease [15] and in the other two cases the patients were suffering from UC [16, 17] . The treatment of RP includes corticosteroids, immunodulators and biologic agents. The goal of treatment is to abate the symptoms and to preserve the integrity of cartilaginous structures.
While immunosuppressive therapy is necessary for the remission and maintenance of IBD, this increases the risk of infectious complications. Duque et al described a 27-year-old female with CD treated with azathioprine and infliximab. She complained of left otalgia, otorrhea and fever with no gastrointestinal complaints. She suffered from necrotizing external otitis and she was successfully treated with ciprofloxacin (500 mg IV for 3 weeks and then oral for another 3 weeks), ceftazidime (1,000 mg IV for 6 weeks), as well as topical therapy with alcohol and aspiration of secretions. Necrotizing external otitis is a rare but acknowledged complication of external otitis and affects predominantly immunocompromised patients and diabetics [18] .
Data are limited with regard to diseases of the middle ear and its association with IBD. Shaw SY et al compared 294 children with IBD with 2,377 controls based on age, sex and geographical region. They studied the association between early childhood otitis media and pediatric inflammatory bowel disease. The study showed that children with an otitis media diagnosis by 5 years have 2.8-fold (95% CI, 1.5 -5.2; P = 0.001) higher risk for IBD development [19] . A possible explanation is that the children with otitis media received antibiotics and the antibiotic use is a possible predictive factor in IBD, as a study showed that patients with IBD are more likely to have been prescribed antibiotics 2 -5 years before their diagnosis [20] .
Inner Ear Involved in IBD

Sensorineural hearing loss (SNHL)
SNHL has been reported as an extraintestinal manifestation of IBD and especially in patients with UC. SNHL is the most common ear disease in patients with IBD. In a retrospective observational study with 32 IBD patients with otologic problems, SNHL was found in 22 of 32 patients. Nineteen of 22 patients had no identifiable causes for SNHL. Only one patient responded to medical treatment [21] . Also, it seems that subclinical SNHL is common in IBD patients. The presence of subclinical SNHL was investigated in 39 patients with IBD (18/UC, 21/CD) and 25 healthy controls and the findings between two groups were compared. A significant difference was found at high frequencies in UC patients, at frequencies of 2, 4 and 8 kHz and in CD patients at the frequency of 4 kHz [22] . However, there was no difference when Kalyoncu et al performed otoscopy, tympanometry and pure tone tympanometry in 24 pediatic patients with IBD and 20 healthy children and compared the findings between these groups [23] .
Autoimmune inner ear disease (AIED)
In most cases of IBD patients with SNHL, the hearing loss is attributable to autoimmune inner ear disease. AIED is an idiopathic inflammatory disease of inner ear characterized by rapidly progressive bilateral SNHL. The hearing level often fluctuates, with period of deterioration alternating with remission. About 50% of patients with AIED also have vestibular symptoms in addition to hearing loss. AIED can be present alone (primary AIED) or associated with other autoimmune disease such as rheumatoid arthritis, systemic lupus erythematosus and IBD, mainly ulcerative colitis (secondary AIED). Diagnosis of AIED is based on clinical presentation, the demonstration of a progressive sensorineural hearing loss in periodic audiological tests, a response to immunosuppressive drugs such as corticosteroids and exclusion of other causes of SNHL [24] .
The response to immunosuppressive therapy has led to an investigation to identify autoantibodies to inner ear components. Harris and Sharp used bovine inner ear extract in Western blot assays and detected antibody to a 68-kD inner ear antigen in 19 of 54 patients (35%) with progressive SNHL [25] . Η68-kD protein is an antibody to Heat Shock Protein 70 (HSP70). Furthermore, a study confirmed the finding of circulating antibodies against a 68-kD protein that was detected in the serum of 42 out of 72 patients with idiopathic progressive bilateral SNHL. Patients who were antibody-positive compared with antibody-negative responded to steroid treatment more frequently (75% vs. 18%, P = 0.001) [26] . For clinical use is available the Otoblot test, which is a Western blot for antibodies against a 68 kD protein found in the inner ear. However in a study demonstrated, that only 9% of patients with AIED were HSP70-positive [27] . Moreover in another study, the frequency of antibodies to HSP substrates did not differ in patients with AIED and controls [28] . Currently, the use of Otoblot test in the clinical practice is controversial [29] . Diagnostic tests for SNHL in patients with IBD include step by step: 1) Otoscopy, tympanometry and pure tone tympanometry; 2) Response to immmunosupressive therapy and 3) Otoblot test and three dimensional MRI. There is minimal data on the role of imaging in the diagnosis and management of AIED. In two cases of ulcerative colitis and severe SNHL, three-dimensional magnetic resonance imaging revealed obliteration of the inner ear. These patients responded poorly to steroid therapy [30] . Thus, the Otoblot test and three-dimensional MRI appear to play a limited diagnostic role in IBD patients with SNHL and possibly AIED (Fig. 1) .
The therapy of AIED includes immunosuppressive agents, largely corticosteroids. Overall steroids response rates are approximately 70% [31] . Also, it seems that cytokines play a significant role in pathogenesis of disease and response of treatment, as TNF expression has correlated with steroid-sensitive AIED [32] and expression of interleukin-1 has associated with steroid resistant AIED [33] . Furthermore, a study showed that the level of TNF can be used as both as a diagnostic and prognostic factor for AIED. They studied the level of TNF in 85 patients with clinical and audiometric characteristics of AIED as well as 11 control subjects and found that patients with suspected AIED had a higher level of TNF compared with healthy subjects, and that TNF levels were higher in patients who were nonresponsive to steroids than those who were responsive to steroids [32] . Therefore, the use of anti-TNF therapy may be an alternative treatment in patients with no response to steroids, but clinical data is still unclear. In a retrospective study, eight patients with AIED who had previously not responded to steroid therapy and/or treatment with other immunosuppressive agents received infliximab. After the completion of treatment, no patient had a positive response to infliximab therapy by objective measurements, and only one patient reported subjective improvement [34] . Heywood et al described a case of non responsive AIED that was improved by infliximab; the disease relapsed after discontinuation of infliximab and was again improved after reintroduction [35] . In another case, a patient with Crohn's disease and AIED received infliximab. Anti-TNF-a therapy resulted in improvement in hearing of 15 dB on average across all frequencies. Hearing remained stable afterwards [36] .
In some cases, there is no response to pharmacological therapy and therefore undergo cochlear implantation. It has been described a patient with diagnosed CD and bilateral SNHL as a result of possible AIED. The patient was treated with immunosuppressive therapy during the development of SNHL. Treatment of SNHL included corticosteroids, azathioprine and anti-TNF agents. There was a lack of response, and the patient subsequently lost his hearing and underwent bilateral cochlear implantation [37] .
Therefore, currently there is a step-up therapy for AIED. First-line treatment is steroid use and second line treatment is the anti-TNF agents. Third line treatment is the cochlear implantation, if the medication fails (Fig. 2) .
A correlation between IBD and AIED has been shown, even in pediatric IBD patients. Kumar et al described a case in a 12-year-old boy with UC and AIED which initially responded to steroid therapy, but who progressed 4 years later resulting in profound bilateral hearing loss in spite of good control of IBD [38] . While there have been many cases of remission of autoimmune diseases during pregnancy, it seems that pregnancy does not affect the course of AIED in IBD patients. A case report describes the case of a 31-year old woman with diagnosed CD who presented with acute total deafness of one ear and SNHL in the other ear, both of which occurred after she got pregnant. She responded to steroid treatment and her hearing improved [39] .
Melkersson-Rosenthal syndrome
Melkersson-Rosenthal syndrome is a rare clinical entity characterized by the following triad: facial nerve palsy, swelling of lips and a fissured tongue. However, otologic symptoms can coexist with the classic symptoms of the syndrome. This syndrome is strongly associated with CD and is usually a mani- festation of CD [40] . In one case that described a 30-year-old woman with CD and Melkersson-Rosenthal syndrome, who developed severe ear pain as part of the clinical course [41] .
Cogan's syndrome
Cogan's syndrome is a rare chronic autoimmune inflammatory disease, characterized by bilateral sensorineural hearing loss, vestibular symptoms, non-syphilitic interstitial keratitis and aortitis. In many patients, Cogan's syndrome is related with other autoimmune disease such as rheumatoid arthritis, Sjogren's syndrome and IBD. A retrospective observational study was done with 22 concomitant Cogan's syndrome-IBD cases, with six patients with underlying UC and 16 with CD. IBD was diagnosed before the onset of Cogan's syndrome in all of these patients, with a mean duration of IBD of 8.7 years. Also, IBD activity did not seem to trigger Cogan's syndrome, as 11 of 22 patients had inactive disease at the time of Cogan's syndrome diagnosis. Immunosuppressive treatment does not seem to prevent the onset of disease, as sixteen patients received immunosuppressive agents, of whom six received anti TNF-a therapy [42] . Corticosteroids are often effective in controlling the disease. If the patient does not improve, immunosuppressive drugs, such as methotrexate and azathioprine, are used. Infliximab is a promising treatment option, enabling steroid tapering and leading to improvement in auditory/ocular disease, with better outcomes if administered in the early stages of the disease [43] . Therefore, Cogan's syndrome could be another indication for use of anti-TNF-a agents in patients with IBD.
Drug-induced ototoxicity and IBD
There have been no reports of IBD patients with drug-induced ototoxicity. The most ototoxic drugs in IBD therapy are 5-ASA analogues, ciprofloxacin and metronidazole. 5-ASAs are used often for maintenance and remission in IBD. While salicylate overdose can cause reversible SNHL and tinnitus [44] , so far no IBD patient treated with 5-ASA had otic side effects. Metronidazole and ciprofloxacin are often used in fistulizing Crohn's disease therapy. There have been few cases of SNHL due to oral administration of metronidazole. The hearing loss recovered after drug withdrawal and oral steroids in these cases [45] . Ciprofloxacin has been associated with several cases of tinnitus, which generally ends when the medication is ceased [46] .
Conclusions
IBD can be associated with ear disease in all components of the ear: external, middle and inner ear (Table 1) . While external and middle ear disease can be due to associated conditions, the most common ear manifestation of IBD is in the inner ear, largely as a result of AIED, and especially in UC. This can be managed effectively through immunosuppression, initially through corticosteroids and stepping up to anti-TNF therapy, and if that fails, cochlear implantation. There are also other associated conditions that may affect the inner ear in IBD patients, such as Cogan's syndrome and Melkersson-Rosenthal syndrome, but these are very rare. In addition, while there is still no evidence to suggest that IBD treatment is associated with ear disease, this requires further investigation as the treatments are recognized to be ototoxic. 
